Regulation of mammalian ribonucleotide reduction and dNTP pools after DNA damage and in resting cells.
Ribonucleotide reductase (RNR) provides the cell with a balanced supply of deoxyribonucleoside triphosphates (dNTP) for DNA synthesis. In budding yeast DNA damage leads to an up-regulation of RNR activity and an increase in dNTP pools, which are essential for survival. Mammalian cells contain three non-identical subunits of RNR; that is, one homodimeric large subunit, R1, carrying the catalytic site and two variants of the homodimeric small subunit, R2 and the p53-inducible p53R2, each containing a tyrosyl free radical essential for catalysis. S-phase-specific DNA replication is supported by an RNR consisting of the R1 and R2 subunits. In contrast, DNA damage induces expression of the R1 and the p53R2 subunits. We now show that neither logarithmically growing nor G(o)/G1-synchronized mammalian cells show any major increase in their dNTP pools after DNA damage. However, non-dividing fibroblasts expressing the p53R2 protein, but not the R2 protein, have reduced dNTP levels if exposed to the RNR-specific inhibitor hydroxyurea, strongly indicating that there is ribonucleotide reduction in resting cells. The slow, 4-fold increase in p53R2 protein expression after DNA damage results in a less than 2-fold increase in the dNTP pools in G(o)/G1 cells, where the pools are about 5% that of the size of the pools in S-phase cells. Our results emphasize the importance of the low constitutive levels of p53R2 in mammalian cells, which together with low levels of R1 protein may be essential for the supply of dNTPs for basal levels of DNA repair and mitochondrial DNA synthesis in G(o)/G1 cells.